T h e endoribonuclease RNase P is involved in the processing of tRNA precursors to generate mature 5' termini. The catalytic activity of RNase P is associated with an RNA, RNase P RNA. A specific interaction between the 3' end of the substrate and RNase P RNA, to form an RNase P RNAsubstrate complex, is referred to as the '73-294-interaction '. This interaction has an important role for efficient and correct cleavage to occur. Here our understanding of the contribution of the 73-294-interaction and metal ions, with respect to efficient and correct cleavage in RNase P RNAmediated catalysis, will be discussed.
Introduction
Ribozymes are RNA molecules that act as catalysts. A large number of different reactions have been demonstrated to be promoted by various RNA molecules including cleavage of other RNA molecules, RNA polymerization and peptide bond formation. The ribozymes can be divided into classes based on size and reaction products. Cleavage by small ribozymes, such as hammerhead, hairpin and hepatitis delta virus RNA, generates
[5]. RNase P RNA, as with other large ribozymes, requires the presence of bivalent metal ions, preferentially Mg2+, for activity. Hence, RNase P can be considered as a metalloenzyme [6, 7] . Only bacterial RNase P RNAs (including some archaeal RNase P RNAs [S] ) have so far been demonstrated to be catalytic in the absence of protein, indicating that the proteins play a more central role in cleavage by eukaryotic RNase P (see [4] and references therein). Here I will discuss our current understanding of RNase P RNA-mediated catalysis. T h e focus will be on RNase P RNAsubstrate interaction with emphasis on a specific interaction between the 3' end of the substrate and RNase P RNA, the '73-294-interaction'. In addition, I will discuss the role of functionally important bivalent metal ions in RNase P RNAmediated catalysis. The discussion is based on experiments using RNase P RNA derived from Escherichia coli -M 1 RNA.
RNase P RNA-substrate interactions -the 73-294-interaction M1 RNA, as well as other bacterial RNase P RNAs, has been suggested to be composed of two domains (Figure 1 ) : a substrate-binding domain and a catalytic domain [9] . The former interacts with the T-loop/stem of the tRNA precursor substrate, whereas the latter interacts with residues at and in the vicinity of the RNase P cleavage site (see Figures 1 and 3 ). These interactions have recently been reviewed in detail in [4] . Our recent findings suggest that a specific interaction, the 73-294-interaction, has an important role in correct and efficient cleavage, as well as in metal ion binding.
T h e 73-294-interaction is part of the '=A-RNase P RNA interaction' (interacting residues underlined) ( Figure 2 ) that is suggested to anchor the substrate on RNase P RNA and result in exposure of the cleavage site. T h e m A -R N a s e P RNA interaction has also been suggested to result in reco-ordination of Mg2+ at, and in the vicinity of, the cleavage site. In the =A-RNase P RNA interaction, R corresponds to residue 73 (or the discriminator base [lo] The broken lines separating P5 from P7 indicate the border between the substrate-binding and catalytic domains [9] The broken-line box represents the PIS loop involved in the m A -R N a s e P RNA interaction (see Figure 2 ) and the highlighted residue (filled circle) corresponds to U294, while the substitution at 254 of C for A is indicated by an arrow The highlighted residues (filled boxes) A248, A249, C252, C253 G332 and A333 have, according to cross-linking results been suggested to be in close proximity to substrate residue -I in the RS complex 
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In a large fraction of bacterial tRNA precursors, residue 73 is paired with the residue at position -1 ; i.e. the residue immediately 5' of the scissile bond. Thus, as a result of formation of the 73-294-interaction, the -1 residue most probably establishes an interaction with RNase P RNA such that the RNase P RNA-substrate (RS) complex is stabilized, resulting in efficient and correct cleavage. Recent kinetic results, where we showed that the substitution of U for A at the residue corresponding to residue -1 in a model substrate has not yet been identified. However, cross-linking results from different laboratories using short range cross-linkers, e.g. 4-thioU, incorporated at position -1 in the substrate give hints about where to search for these residues (Figures 1 and 3) [18-201. These results suggest that residue -1 is positioned in the proximity of residues A248, A249, C252, C253, G332 and A333. Among these residues, A248, A249 and C253 are strictly conserved among bacterial RNase P RNAs, whereas both G and A are found at positions 332 and 333 G,,, is engaged in base pairing with residue -1, i.e. C-, (Figure 3) [ l l ] . According to our model, the 73-294-interaction is involved in exposure of the cleavage site, therefore the C-l-G+i3 base pair has to be disrupted for cleavage at the correct position, i.e. at +1, to occur. In fact the results
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show that lack of disruption of the C-l-G+7, base pair results in cleavage one base upstream (at -1) of the regular cleavage site. We argue that cleavage at -1 versus + 1 is dictated by the rates of disruption of the C-,-G+,, base pair and formation of the 73-294-interaction (in our example interaction between G+,, and UZg4). Cleavage at -1 occurs at a significantly reduced efficiency compared with cleavage at + 1, indicating the importance of the 73-294-interaction for efficient cleavage [11, 22] . Conceivably, this reflects conformational change and/or reco-ordination of Mg2+ in the vicinity of the 73-294-interaction (see below). As discussed above, one notable exception to this is cleavage of the tRNA"'" precursor that is cleaved efficiently at -1 in the absence of the 73-294-interaction [13] [14] [15] [16] 23, 24] . Therefore, to achieve efficient cleavage of the tRNAHi" precursor at -1, it is plausible that specific structural elements of the tRNAHis precursor compensate for the absence of the 73-294-interaction. One element might be the identity of residue -2 in the tRNA"'" precursor [12] . In summary, to achieve efficient and correct cleavage, the 73-294-interaction operates in concert with binding of residue -1 to a potential binding pocket/surface. Moreover, as will be discussed below, metal ions play central roles with respect to these interactions, in particular in stabilizing the 73-294-interaction ([11,12,22] and M. Brannvall, B. M. F. Pettersson and L. A. Kirsebom, unpublished work).
Roles of metal ions
Metal ions, i.e. Mg2+, have crucial roles in RNA function in general. Their function can be structural and/or catalytic. In the negatively charged RNA, on average there is one Mg2+ ion bound every three or four nucleotides. T o understand RNA-mediated catalysis, an important task is to identify which of the many Mg2+ ions that are bound to an RNA have specific functions that make these Mg2+ ions or metal-ion-binding sites functionally important metal ion binding site has been identified, is the P15 loop, i.e. the region involved in the interaction with the 3' RCC-motif of the substrate (see Figures 1 and 2) [31-341.
T h e structural integrity of the P15 loop has been demonstrated to be important for metal binding and substrate interaction. Substitution with sulphur of either of the non-bridging (Rp or Sp) oxygens 5' of U294 in M1 RNA results in reduction of cleavage activity. Conceivably, this reduction might be due to a change in metal-ion binding in the vicinity of U294 [34] . T h e presence of different bivalent metal ions has differential effects on cleavage site recognition and cleavage efficiency. However, considering both correctness and cleavage efficiency, available results show that cleavage by M1 RNA is optimized in the presence of Mg2+ alone [11, 18, 22, 34] . Moreover, we have demonstrated cleavage activity by adding a mixture of bivalent metal ions that do not promote cleavage by themselves [22] . This suggests metal ion co-operativity in RNase P RNA-mediated cleavage of RNA. Our results where we have used mutant RNase P RNA derivatives suggest that one of the metal ions involved in this co-operativity is located in the domain of RNase P RNA that interacts with the 3' end of the substrate, where its function is suggested to stabilize the RNase P RNA-substrate interaction, in particular the 73-294-interaction [11, 22] . For example, the activity was decreased approx. 4000-fold as a result of substituting U294 with C, whereas wild-type activity was only lowered approx. 10-fold (or 100-fold, dependent on substrate) when cleavage was performed in the presence of Mn2+ alone. This should be compared to the result that cleavage activity for the C294 variant and wild-type in the reaction with Mg2+ alone showed no significant differences using the same substrate. Moreover, changing the orientation of the 73-294-interaction, i.e. from R+73-Y294 to Y,,,-R,,,, resulted It has been proposed that substrates with no Mg2+ bound at the junction of double-and singlestranded regions in the vicinity of the CCA-motif are not cleaved by RNase P [35] . Both structural and biochemical results support this proposal [22, 31, 36, 37] . Moreover, Mg2+ is directly coordinated to the Rp-oxygen at the scissile bond [3840] . Hence, one possibility is that the Mg2+ bound to the substrate near the cleavage site is reco-ordinated and uses the Rp-oxygen at the scissile bond (at the correct site), as a result of formation of the 73-294-interaction. Alternatively, this Mg2+ could be recruited from RNase P RNA or the solution. An interesting question is whether or not this Mg2+ is one of the metal ions involved in the metal ion co-operativity in RNase P RNA-mediated cleavage described above. Given that the G+,-C+,, remains intact in the RS complex, this indicates that this Mg2+ and the one suggested to be involved in stabilization of the 73-294-interaction are probably positioned in close proximity in the RS complex. A study using interstrand cross-linked substrate has provided evidence for helical unwinding of the substrate near the cleavage site [41] . However, unwinding near the cleavage site (including the G+,-C+,, base pair) does not preclude the possibility that the Mg2+ ions positioned at the scissile bond and in the vicinity of the 73-294-interaction are in close proximity.
Concluding remarks
Solving the three-dimensional structure of RNase P RNA in the absence, as well as in the presence, of its substrate will answer many of the questions that still remain unanswered : for example, identification of residues or chemical groups that are important for substrate interaction and binding of essential Mg2+ ions in the ground state, as well as in the transition state. Having access to structural information in combination with biochemical and genetic data will put us in an ideal position to understand not only the structure-function relationship but also the dynamics of RNase P RNAmediated catalysis. An aspect of RNase P cleavage that has not been discussed here is the role of the protein subunit. To understand its role is of utmost fundamental importance since the protein subunit is essential for activity in vivo. 
